Rainfall
. Rainfall hyetograph and surface runoff hydrographs (measured at 5-minute intervals) for the surface broadcast plots (left) and shallow disk injection plots (right).
2.0
Manure Application Details. The manure was received from a dairy farm with 65 cows located approximately 20 km away from the study site. For the surface application, the manure slurry was broadcast with a six-unit splash plate applicator, with plate located approximately 1 m above the soil surface. For the subsurface injection, the manure slurry was injected with a distance of 75 cm between injection units Using Yetter 2986 series Avenger TM injectors (Colchester, IL). To inject the manure slurry at a depth of approximately 12 cm below the soil surface, each shallow disk injection unit had a 74 cm opening coulter equipped with a drop tube to place the manure slurry at that depth. Behind each drop tube were two inclined coulters used to seal the manure in each of the openings.
3.0
Analytical Method Summary/Quality Assurance/Quality Control EPA Method1694 was the analytical procedure used to determine the analytes of interest (17α-estradiol, 17β-estradiol, estrone and estriol) in the surface water samples. The following sections summarize the procedure: 3.1 Extraction All samples are extracted using solid phase extraction (SPE) following EPA method 1694 under acidic conditions. The SPE HLB cartridge is conditioned by eluting it with two volumes of methanol and two volumes of reagent water. The cartridge conditioning step is completed by eluting the cartridge with 6 mL reagent water at pH 3.0 ± 0.2. Eluants are discarded. The sample is loaded onto cartridge at a flow rate of 5-10 mL/min. For samples that contain considerable solids, which may plug the SPE cartridge, a smaller sample size may be prepared. The extract is concentrated to < 0.5 mL under a gentle stream of nitrogen in a water bath held at 45 ± 5 °C. The addition of 0.5 mL of organicfree reagent water when the extract is < 1.0 mL will aid in preventing the extract from going dry. The volume-reduced extract is spiked with instrument internal standards and brought to a volume of 1.0 mL with 70/30 H 2 O/MeOH then filtered through 0.45 μm PTFE into 1.8 mL amber autosampler vials, capped, then vortexed.
This procedure provides high performance liquid chromatographic (HPLC) reversed phase chromatographic conditions and tandem mass spectrometry conditions for the analysis of these compounds by ESI + and ESI -. First, the pH of a 1-L water sample is adjusted to 3 with acid, and then spiked with a stable, isotopically labeled analog of the target analyte. In the case of the dairy manure samples, they were first freeze-dried, similarly spiked, and then sonicated in acidic acetonitrile, and the extract was then diluted in pH 3 water. Samples/diluted extracts were then extracted using solid-phase extraction (SPE) with hydrophilic-lipophilic (HLB) cartidges. Following SPE, samples are exchanged with methanol and labeled injection internal standards are added and the final volume is then adjusted to 1.0mL with the LC elution solvent.
3.2
Quantitative Analysis One of two methods are followed using selected ion current profile (SICP) areas:
1. A compound, for which a labeled analog is available, the concentration is determined using isotope dilution techniques and a multipoint calibration of all the target analytes. Isotope dilution provides automatic correction of the target analyte concentrations for losses in extraction and variations in instrument sensitivity. Ongoing Precision and Recovery Standard (OPR) A laboratory control sample, i.e. an analyte free matrix is spiked with a known amount of target analytes. The OPR is analyzed in exactly the same method as the samples, and its primary purpose is to assure that the results produced by the laboratory remain within the limits specified in the laboratory's standard operating procedures (SOPs) for precision and recovery. 3.6
Internal Standard Internal standards are organic compounds that are similar to the analytes of interest, but are not found in the samples. Internal standards are chosen to help calibrate the instrument's response and to compensate for slightly different injection amounts onto the instrument, and for varying ion suppression in the source. The internal standards are bisphenol A-d 16 and atrazine-13 C 3 . The nominal concentration of the standard is 5 ng/μL. Each 1 ml of sample extract undergoing analysis is spiked with 10 μL of the internal standard solution, resulting in a concentration of 50 ng/ml of each internal standard.
3.7
Standard Curve A standard curve is a calibration curve that plots concentrations of a known analyte standard versus the instrument response to the analyte. Average response factor, linear regression or quadratic calibration models are used and the appropriate criteria for assessing the validity of the calibration curve is followed prior to quantification of the target analytes in actual sample analyses. 3.8
Independent Calibration Verification (ICV) To verify the validity of the standards used in calibration, initial calibration verification standards are analyzed after initial calibration but prior to sample analysis. The ICV standards are prepared from stock standards, which are prepared from materials obtained from a source different from that used to prepare the calibration standards. Alternatively, an ICV stock standard may be prepared from the same material(s) used to prepare the stock calibration standard, but only if the ICV stock standard is prepared by an analyst different from that who prepared the stock calibration standard.
3.9
Single Reaction Monitoring (SRM) HPLC/MS/MS is a technique where most background noise/interfering compound are filtered out by the tandem mass spectrometer. SRM mode allows only one parent ion (generally the [M+H] + ion in positive mode and the [M+H] -ion in negative mode) through the first quadrapole. In the collision cell (Q2) the parent ion is fragmented. In the second quadrapole (Q3) all ions except the quantitation fragment (product ion) are filtered out. The only ions that are allowed through the instrument are ions that have the same parent mass, producing the same product mass, during a particular segment of analysis time. This analysis segment is specified for a particular retention time range that corresponds to the retention time of a certified standard. 3.10 Surrogate Surrogates are organic compounds which are similar to analytes of interest in chemical composition, extraction and chromatography, but which are not normally found in environmental samples. The purpose of the surrogates is to evaluate the efficiency of preparation and analysis of samples. These compounds are spiked into all blanks, standards, samples and spiked samples prior to extraction and analysis. Percent recoveries are calculated for each surrogate.
Method Blank (MB)
The method blank is an artificial sample composed of analyte-free water or solid matrix (sodium sulfate or sand) and is designed to monitor the introduction of artifacts in to the analytical process. The method blank is carried through the entire analytical procedure.
Continuing Calibration Verification Standard (CCV)
A mid-level standard (30% (v/v) methanol in reagent water) is injected into the instrument at specified intervals. For quantitative purposes, the CCV is used to verify that the initial calibration curve is valid. 3.13 Instrument Blank/Continuing Calibration Blank (CCB) The CCB is a volume of clean solvent analyzed on each column and instrument used for sample analysis. The purpose of the instrument blank is to determine the levels of contamination associated with the instrumental analysis itself, particularly with regard to the carry-over of analytes from standards or highly contaminated samples into subsequent sample analyses. 3.14 Calibration Standards At a minimum, five concentration levels of standards are prepared in 30% (v/v) methanol in water. The lowest calibration standard must represent a sample concentration at or below the MRL and the other standards must bracket the concentration ranges expected in samples. The last step in calibration standard preparation is the addition of 10 μL of the appropriate internal standard solution. These solutions are refrigerated and are used for up to 6 months. 3.15 Calibration by Isotope Dilution Isotope dilution is used for calibration of each native for which a labeled analog is available. The reference compound for each native compound is its labeled analog. A 5-point (minimum) calibration encompassing the concentration range is prepared for each native compound. 3.16 Calibration by Internal Standards Internal standard calibration is used for the determination of native compounds for which labeled compounds are not available.
4.0
Analytical Method Reporting Details. The tables below provide the method detection limit (MDL), method reporting limit (MRL), and surrogate recovery (%) for each surface runoff sample collected from each plot. There are a total of 10 tables, with one for each surface runoff event. All samples were analyzed in accordance with EPA Method 1694 by ALS Environmental, ALS Group, USA, Corp in Kelso, WA. Table S2 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #1 (October 4, 2014) . Table S3 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #2 (October 16, 2014). Table S4 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #3 (March 10, 2015) . Table S5 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #4 (March 11, 2015) . Table S6 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #5 (March 13, 2015). Table S7 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #6 (March 15, 2015) . Table S8 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #7 (April 11, 2015) . Table S9 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #8 (April 22, 2015) . Table S10 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #9 (June 1, 2015). Table S11 . Method detection limit (MDL), method reporting limit (MRL), and surrogate recoveries (% Rec) for surface runoff event #10 (June 24, 2015) . Table S24 . Cumulative loads (μg/ha) with (w/) and without (w/o)* concentrations < MDL included in the load calculations. *When concentrations were < MDL, a value of MDL/√(2) was used to calculate the load.
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